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FOREWORD

This report was prepared by General Dynamics Convair Division under Contract
NAS3-17756, "Thermal Performance of a Customized Multilayer Insulation.' The
work was administered under the technical direction of Mr. J. R. Barber, Fluid
System Section of Chemical Energy Division of the Space Technology and Material
Directorate and Mr; W. R. Johnson, Thermal Technology Section, Propulsion

Technology Branch, Chemical Propulsion Division, NASA/Lewis Research Center,

In addition to the projéct leader, K. E. Leonhard, the following Convair personnel
were major contributors to the study:

Thermodynamicé o M. D. Walter
G. B. Yates

Manufacturing Research H. E. Kobrich
E. Catton

V. V. Sowinski

Test Laboratory B. A. Ganoe
H. G. Brittain
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SUMMARY

Task II of the program '"The Performance of a Customized Multilayer Insulation
(MLI)'" consisted of the design, fabrication and assembly of the test facility hardware.
A schematic of the major, assembled system components including the thermal
payload simulator and the modified cryoshroud is shown in Figure S-1. A tank back

e =

7, pressure control device designed to maintain a constant liquid boiling point during

" the thermal evaluation of the multilayer insulation (Task V) is also a major component
» of the test system. Auxiliary hardware to operate the test apparatus was designed

i ; and fabricated.

[}

P THERMAL PAYLOAD SIMULATOR (TPS)

=

The thermal payload simulator was designed and fabricated to provide a constant
temperature surface in the range of 20.5 to 417K (37 to 750R) for the insulated tank
to view. It consists of a 1.83m (72 in) diameter 0.953 cm (0. 375 in) thick, highly
polished aluminum disc. An emissivity of 0.03 was measured utilizing the Lion
emissometer Model 25 B-7. The thermal payload simulator is cooled by liquid
hydrogen flowing through circumferential, alumimm coils. The TPS heaters were
designed for an operating range of 0.01 to 55 watts. Due to the radially nonuniform
heat load on the TPS, individual heaters were mounted in the inner, mid and outer
zone.

s I e SO ne

CRYOSHROUD ASSEMBLY MODIFICATION

The objective of the modification of the NASA/LeRC furnished cryoshroud, 2.44 m
(8.0 ft) in diameter, was to establish a low temperature black body cavity while

-~ limiting liquid hydrogen usage to a minimum feasible rate. The modification of the
cryoshroud was performed in six subtasks: ’

e

Cryoshroud shell modification

Cryoshroud thermal analysis

Cryoshroud baffle design and fabrication

Thermal payload simulator and baffle positioning mechanism design and
fabrication

Guard tank design and fabrication

6. Assembly of the cryoshroud components

—
Bt N e

[$1]

The cryoshroud shell modification consisted of reworking the top cover to accommodate
the guard tank, removal of the existing baffles and preparing the hottom cover for the
baffle positioning mechanism. An analysis was performed to determine the number
and location of the liquid hydrogen cooled baffles requirc:s to intercept the thermal

xi
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radiation within the cryoshroud. The analysis revealed that three baifles are required,
one fixed baffle located at the test tank equator, one baffle in the same plane as the
thermal payload simulator and one baffle between the thermal payload simulator and
fixed baffle. The baffle structure is a sandwich consisting of a flat plate

with cooling coils welded to its upper surface as the main structural element and
honeycomb bonded to one or both of the surfaces. The lower two Laffles and the
thermal payload simulator are designed to move together. The bottom baffle remains
in the same plane with the payload simulator as it is positioned by the jack screw
mechanism,

All lines going to the test tank pass through the 60.96 cm (24 in) diameter liquid
hydrogen guard tank as shown in Figure S-1 in order to prevent entry of extraneous
heat to the test tank. All instrumentation lines into the test tank are passed through .
the vent line, '

The assembly sequence of the modified cryoshroud was as follows:

1. Attachment of the guard tank to the shroud top.
2. Mating of the test tank to the guard tank/shroud top assemby.
3.  Mating of the haffle assembly to the shroud-side.
4. Installation of the multilayer insulation on the guard and test tank assembly.
5. Instrumentation of tank/baffle/shroud and thermal payload simulator.
6. Mating of thermal payload simulator to the baffle/shroud assembly.
7. Installation of the insulation on the bottom of the TPS.
8. Mating of shroud bottom to TPS/baffle assembly/shroud assembly.
9. Joining of test tank to the shroud assembly.
10. Installation of the test assembly into the vacuum chamber:
11. Installation of the baffle positioning jack screws.
12. Installation of the MLI on the outside of the cryoshroud assembly.

Before installing the test tank all interior surfaces including cryoshroud, baffles, and
attachment hardware viewing the test package were painted with 3M "Nextel" Black
Velvet paint to achieve the highest emissivity possible. Single and double Conoseals
were used fcr tubing joints, where welding was not possible. Single Conoscals ware

utﬂlzed for stainless steel joints while double Conoseals were applied for bi-metal
joints.

AEIRs

PRESSURE CONTROL SYSTEMS

pliajamiuuonins pu

I

Back pressure control devices are used for both the test tank and the guard tank to
maintain a consiant liquid boiling point. The back przssure of the test tank is
controlled within +1. 38 N/m2 (x0. 0002 psia) of the set point. The MKS Baratron
Differential Capacitance Manometer senses very small pressure variations relative
to the absolute pressure of a fixed volume of gas maintained at a constant temperature.
The output of this instrument is fed to a controller which activates one of two valves
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in the vent line to control the tank pressure within the desired tolerance., The NBS
Barostat is used to control the pressure of the guard tank at £13.8 N/m2 (£0.002 psi).

AUXILIARY HARDWARE

Design and fabrication of auxiliary hardware was required to support the test operation.

These systems include LHg fill and drain and vent lines for the test tank and guard
tank, the LHs supply and recovery system for the cryoshroud, baffles and payload
simulator. Welding and silver brazing was used as the principal mweans of joining
fluid system components inside the chamber in addition to the Conoseals. All
components were individually leak checked. After assembly and installation of the
test tank into the vacuum chamber a complete section by section leak check was
performed and repairs made as necessary. A 1500 gallon tank is used to supply liquid
hydrogen to all systems. The supply tank is supplied from the 13,000 gallon site
storage fank and the 1,000 gallon recovery tank.

An electric heater installed in the test tank is used to supply a known heat input
to the test tank during the null test (Task V of contract).
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INTRODUCTION

This program report covers the work performed under task II of NASA contract
NAS3-17756, "Thermal Performance of a Customized Multilayer Insulation (MLI)."
The major objective of the total prograin is to build up a test facility and

to design, fabricate, and experimentally evalaate the thermal performance

of a selected, cugtomized MLI gyster. NASA/LeRC provided the basic desigu of

the MLI configuration to be tested, the test tank to be insulated, and the cryoshroud
for simulating a deep space environment. The test tank was modified in Task [ _
(Reference 3-2) to establish the required smooth spherical contour over most of the
tank surface area. Task II is the design and tabrication of the Test Facility Hardware.
Multilayer insulation systems for the thermal payload simulator and test tank were
designed and fabricated during task II[ and IV, (Ref. 4-2). Task V is the experimental
evaluation of the multilayer insulation system.

1-1
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THERMAL PAYLOAD SIMULATOR

The purpése of the thermal payload simulator (TPS) is to provide a constant tempera~
ture surface for the insulated 1.52 m(60 in) tank to view (Figure S-1). The TPS
cornfiguration consists of a 1.83 m (72 in) dia. alumimm plate supported by the
cryoshroud agsembly. A schematic of the payload simulator is shown in Figure 2-1.

2.1 THERMAL REQUIREMENTS

The following provisicus were incorporated in the cesign of the TPS to meet the
thermal conditions daring the Null test, the thermal testing of the tank installed
system and thermal testing of the customized MLI configuration:

i. Provisions for establishing and maintaining any vniform steady-state

temperature in the range of 20.5 to 417K (37 to 750R) over thc surface
of the payload simulator. »

2. Provisious for varying the tank-payload simulator spacing to any value
between 15.24 cm (6 in) and 45.72 cm (18 in).

3. Surface viewing the fank must be flat and free of penetrations.
4. Total hemispherical emittance less than C. 04.
The temperature, < 27.8K (50R) required during the test operation Ais achieved by

circulating LH, through cooling cuils welded to the boitom surface of the alumimm -
plate, Since the TPS is completely surrounded by a LHy cold wall, twe coils (Figure

2-1) will reduce the plate temperature below the required 27.8K (50R) in less than an

hour. During the thermal tests elsctric heaters are used to produce the required
surface temperatures. The highest test temperature required is 389K (700R), however,
the maximum heat load of approximately 58.6W (200 Btu per hour) will be at 28SK
(520R) during the tank thermal test without the insulation on the plate. Agsuming a
103.8 W/mK (60 Btu/hr-ft R ) thermal conductivity for the alumimim plate, a heater
element spacing of 15.2 cm (6 in) produces a temperature variation less than 0. 055K
(0.1R) at the maximum heat i,ad. There should be no circumferential variation in the
normal thermal flux. However, there will be a radial variaticn due to the shape of

the tank bottom and edge loading by the cryoshroud and baffles. This is corrected

by dividing the heater into suitable anmlar sections, which are independently controlled
as shown in Figure 2-1,

2-1
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Outer Zone Heater ...
Inmner Zone Heater #= i
Middie Zone llcatertﬁﬁ_ﬁl};

! .
!
— ;:__":\

Heaters

Cooling Coils

Figurce 2-1. Thermal Payload Simulator Schematic

The inner edge of the lower baffle next to the simulator is shielded Dy three layers of
aluminized Mylar to reduce the thermal load on the outer heater band. Further
thermal protection for the simulator is provided by a 10-layer aluminized Mylar
insulation blanket placed between the silmulator and the bottom of the shroud.

" The simulator is positioned along with the lower baffle by moving the TPS adjustmexit

mechanism (Figure S-1).  This bafile is moved by three jackscrews which. are
controlled from outside the chamber., A linear displacement trangducer is used to
determine the platform position. Positioning accuracy is £0.25 cm (0.1 in).

2.2 TPS Design and Fabrication

The TPS design configuration is presented in Figure 2-2. The base plate consists of -
a disk 0.953 ¢cm (0.375 in) thick and 1.83 m (72 in) in diameter. [t was fabricated from |
a highly polished 6061-T-6 Alclad aluminum material, There are no penetrations
on the surface facing the tank. An emissivity of 0,03 was measured by a Lion
emissometer Model 26B~7. During installation of the cooling coils and electrical
heaters the polished surface was protected with a strippable plastic film, called
Spraylab, which could be easily removed after installation of all components.

2.2.1 COOLING COILS, The cooling coils were designed and fabricated utilizing

1.90 cm (0.75 in) O.D, x 0.152 ¢m (0,060 in) thick, 6061-T6 alumimim tubing. The
2-2 1)
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circumferential coils were welded in place as shown in Figure 2-2, Welds, 2.54 cm
(1.0 in) long, spaced at 2.54 ¢m (1.0 In) were applied on alternate sides of the tubing

to ensure good heat conduction between the LHy tubing and the TPS plate. Radial

feed lines were not fastened to the plate to minimize thermal nonuniformity etrcumferen-
tially. The tubing loop was leak checked with gaseous helium and a helium mass spec-
trometer,. It was necessary to replace a welded portion of the LH, tubing, after a
leakage problem could not be resolved. The replacement section was re-checked and
found to be free of any leakage.

2.2.2 ELECTRICAL HEATERS, The heat load on the plate at equilibrium tempera-
ture was expected to range from 0.01 to 55 watts. To improve the reliability each

of the heater rings consists of one high power and one low power heater. Each heater -
was equipped with two parallel elements.

Due to the radially nonuniform heat load on the TPS, the heaters were divided into
three annular zones: 1) an inner zone consisting of three inner rings connected in
series; 2) a4 mid zone consisting of two rings connected in series, and 3) an outer zone
consisting of the outer ring. For versatility, each heater element lead wire was
extended individually to the outside of the chamber to facilitate regrouping if necessary.
The heater design connections are shown in Figure 2-2 and 2-3 .

: Inner Zone
AN AN ANy l Power
Hy H, Hy O—y——1 Supply
—AMA— AN AN [ _ | 0-70 Ve
@ 15 Amns
Mid Zone .
YV v S—— VYN v L . | Povwer
Hy H, o Supply
"\ \N\—ANN/ A r - | 0-76 Vde
) @ 15 Amps
Outer Zone
i NANAN \v; Power
. + .
Hg O— Supply
A 0-70 \dc
C AAA% ~ 1 @15 Amps

~ VWA Low power heater

— A"\~ High power heater

Figure 2-3. Sketch of Electrical Heater Connections
2-4




The material selection to construct the electrical heaters was based primarily on the
required temperature limits of 20.5K (37R) and 417K (750R) with second consideration
being thermal conductivity, The heater was constructed utilizing 0.0254 cm (0.010 in)
invar and 0.058 cm (0.020 in) thick stainless steel wires. The Teflon film betwcen the
TPS and heater wires was required for electrical insulation. The Teflon film behind the
heater wire reduces the area loading on the silicone rubber foam while limiting the
force on the wire to prevent its cutting through the Insulating Teflon. The silicone
foam is a resiliant filler to provide good mechanical cotifact between the heater and
the TPS and some thermal insulation between the he#¥er and the alumimm back=-up
strip. RTV 560 potting compound is used primarily for thermal conductivity and also
as a mechanical bond. A photo of the completed thermal payload simulator in its
protective holding fixture is shown in Figure 2-4.

———
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CRYOSHROUD ASSEMBLY MODIFICATION

The modification of the cryoshroud was initiated by evaluating the design of the
cryoshroud assembly which was furnished by the NASA LeRC to simulate the environ-
ment of deep space. The cryoshroud was required to be cooled by liquid hydrogen
and to have a high surface emittance on those surfaces viewing the test

tank. The objective of the modification was to esteblish as near a low temperature
black body cavity as feasible, and minimize cryoshroud hydrogen usage.

The eryoshroud assembly modification effort was subdivided into five tasks:

1. Cryoshroud modification

2. Cryoshroud baffle thermal analysis

3. Cryoshroud baffle design and fabrication

4. Guard tank design and fabrication

5. Thermal payload simulator and baffle positioning mechanism dusign and
fabrication

6. Assembly of the cryoshroud components

3.1 CRYOSHROUD MODIFICATION

The cryoshroud is a 2.44 m (8 ft) diameter by 2.44 m (8 ft) high cylindrical shell

with top anc' bottom covers. Cooling coils are welded to all surfaces. A schematic

of the cryoshroud is shown in Figure S-1. The material used in the construction of the
cryoshroud is principally 6061 aluminum alloy. The basic method of construction is

a framework of 7.62 X 7.62 X 0.63 cm (3 X 3 X 0.25 in) angle and 7. 62 X 0.63 cm

(3 x 0. 25 in) bar stock material with 0.32 em (1/8 in) sheet covering. The top cover
has a heavy 5. 08 cm (2 in) thick mounting ring attached by a 63.5 em (25 in) diameter
25.4 cm (10 in) high sleeve. The ring is braced by four radial struts. The cylindrical
shell has eight baffle guides which also provide support for the sidewall structure.

The cryoshroud is mounted in the vacuum chamber on pads under the bottom cover
rather than supported from the mounting ring in the top. Thus the radial strut load
is compression rather than tension. Aluminum angles 7. 62 x 7.62 x 0. 63 cm 3x3
x 0.25 in) are attached to each side of each radial strut (Figure 3-1). The top cover
(NASA Drawing CR 62191) was also modificd by the addition of a7.62 (3 in) hole for
the baffle vent line to exit the eryoshroud. '

The bodom covei‘ (NASA Drawing CF 621922) was modified by the addition of holes
for cooling tubes and for the payload simulator lifting jack serews. The new bottom

3-1
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Nextel Velvet (3M 401-C10) to achieve as high an emissivity as possible.
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cover drawing is presented in Figure 3-2. The only modification to the cylindrical
sidewalls was the removal of the cxisting baffles and replacement of the joints between
the upper and lower cooling tubes, Figure 3-3. "Double-Seal" Conoseal fittings were
attached to the cryoshroud cooling tube fill and vent lines.

The entire inner surface of the cryoshroud was repainted with low outgassing 3M

3.2 CRYOSHROUD BAFFLE THERMAL ANALYSIS

The major objective of the cryoshroud thermal analysis was to determine the number
and location of the liquid hydrogen cooled baffles,required to intercept and absorb both
direct and reflected thermal radiation within the cryoshroud. The location of the
baffles must be thermally acceptable for all three ' Tank-TPS" spacings (Section 2.1),
required during the testing of the customized MLI (Task V). '

3.2.1 THERMAL ANALYSIS. An analysis was performed on the radiation inter-
change and heat transfer inside the lower half of the cryoshroud with the thermal
payload simulator and insulated cryogenic tank. Two basic radiation interchange
models were considered. The reflecting node model is a segment of the axially
symmetric installation with boundary nodes having zero emissivity, Figure 3-4.

The complete node model, Figure 3-5, includes all the radiative surface areas inside
the cryoshroud.

3.2.% REFLECTING NODE MODEL. The model consists of 19 flat plates and
represents a 1/15 segment (24°) of the total installation. Since, in actual practice,
the energy exchange will be symmetrical about the vertical tank axis, reflecting
nodes (5, 6, 7, 8, 9, 10) with an emissivity, € = 10“5,' were placed on the sides of
th= segment section analyzed. The value, €= 10-5, was used because the computer
will not operate with a zero value. Use of reflecting boundaries reduces the number
of nodes analyzed from 195 to 19 with a corresponding saving in setup and computer
time. The cost oi computing view factors and Script F values for radiation increases
approximately as the 2.5 power of the number of nodes so that minimizing the number
of podes is significant. It is noted that the node size has been increased from a 1/16
segment to a 1/15 segment in order to reduce the maximum possible number of nodes
in the complete model case to less than 200; a computer program limitation.

Four geometrical configurations were evaluated, (1) open-to-space, (2) the cryoshroud
only, (3) the cryoshroud and lower baffle, and (4) the cryoshroud and two baffles. The
thermal payload simulator in all cases was at its lowest position since this is the
location where the greatest amount of reflected energy from the shroud/baffle surface
will occur. The emissivity of the thermal payload simulator (node 1) was €ppg = 0.04
and the MLI surface on the tank (nodes 2, 3, 4) was € = 0.03. The emissivity on the
shroud (nodes 13, 14, 15) and baffles (nodes 11, 12 and 16, 17, 18, 19) was varied from
0.85 to 0.96 to simulate different surface coatings.
3-3
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3.2.3 COMPLETE NODE MODEL. ‘There is some uncertainty in the accuracy of the
thermal model using reflecting boundary nodes. The Gebhart technique (Reference 3-1)
tor determining Script F assumes diffuce reflection from all surfaces according to the

Lambert cosine law, whereas specular hemispherical reflection is more representative
of the actual case. -

The differences are indeterminate except by generating a complete open model with no
refleeting nodes.  Therefore, for (1) the open-to-space and (2) the eryoshroud with
tower baffle configurations, a complete model analysis was made,

The analysis used the same basic node sizes, Figure 3-5, as the reflecting model with
cuch individual sepment being 1/15 of the total installation.. The directly transmitted
and reflected energy from each emiidng scgment to a 1/15 receiving segment was
computed,then the results multiplied by 15 to determine the heat exchange to the entive

“cireumferential surface. This technique reduced the number of nodes actually
analyvzed in the complete model configuration.

. 3.2.4 FINITE NUMERICAL APPROXIMATION. The node models consist entirely of

flat plates to simulate the curved surfaces. The modeled flat plate surface areas and
the actual curved surface areas are listed in Table 3-1. The view factors were
determined by breaking each node into smaller finite elements. The node areas and
clemental breakdown is listed in Table 3-1. The view factors were computed for the
cases of a smaller node to a larger node and the calculated reciprocal used for
interchange from large to small nodes. The view factor pircjection was computed in
finite 5 sweep angle increments. All node sizes and finite element breakdowns were
identical in the reflecting and complete node cases, therefore view factors within a
segment were also identical. View factors from the payload plate to the three tank
nades arve given in Table 3-1.

3.2.0 RESULTS. Heat flow values are plotted in Figure 3-6 for the shroud, ¢ = 0. 85,
and lower baftle, ¢ - 0.96, configuration for both the reflecting node and complete
node models. Emissivity of the fixed top and bottom baifles is also 0.96. The
complete node model for the case where the emissivities are 1.00, open-to-space, is
also plotted in Figure 3-6. Accurate numerical values of the plotted data are listed in
Table 3-2. There is a difference of almost 60% between the reflect'ng and complete
node models indicating the 'mfleéting node model is not a suitable representation of

the actual installation. It is also noted that the heat flow to the shroud and lower
baifle configuration is within approximately 6% of the open-to-space case. For
example, at a TPS. surface temperature of 500R and a shroud and baffle emissivity
of 0.85 and 0, 96 respectively, the heat flow from the thermal payload simulator to the
cryogenic tank is 1.296 BTU/hr utilizing one baffle between the top baffle and the
bottom haffle. Using the same temperature for the '"Open-to-Space" case, the
calculated heat flow is 1.219 BTU/hr, resulting in a difference of 0.077 BTU/hr or

3-7
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Table 3-2. Heat Transfer From Thermal Puyload Simulator to Tank Bottom Hemisphere

G Bij x 1074 »
Node Node Node Total
Configuration Model € shroud €baffle 1-72 1-173 1-74 P/L =Tk
1. Upen to Space ‘ ‘ Complete 1.00 1. 00 1.4230 5.3513 0. 8165 7.5908
2. Shroud-I.ower Baffle Complete 0.85 0.96 1.14526 5.5156 1.0702 8.0684
3. Shroud-i~wer Baffle Reflecting  0.45 0.96 0.7147 3.2417 1.1883 5. 1447
&- Q BTU/hr b
Configuration Tp/L, = 700 600 500 100 300 200
1. Open tc pace 3.4958 1.8869 0.9099 0.3726 0.1178 0.0232
2. Shroud-Lower Baffle 4,9776 2.6867 1.2956 0.5306 0. 1678 0.0330
f 3. Shroud-Lower Baffle 3.1739 1.7131 0.8261 0.3383 . 0. 1070 0.0211
=
Trps = thermal payload simulator temperature (variable) Q =150 Bij (Tp/L~1 - TTk4) BTU/hr
TT = tank insulation surface temperature, 50R 15 = number model segments
€P/L = payload plate emissivity, 0,04 < =0.1713 x 10-8 Stephan-~Boltzman
€pg = tank insulation emissivity, 0.03 Bij - Askj script 3x area




6.3%. Additional baffles within this narrow band are not justified or practical for
such a small and largely indeterminate gain. The combined accuracy of the
finite element analysis for radiation, the known accuracy of the surface emissivities
and o/¢, and the test measurements are also not considered to be within the 6% band.
4 It was therefore decided to use only one intermediate baffle between the top baffle and
3 the thermal payload simulator.

[ REVANENY 4

3.3 BAFFLE DESIGN AND FABRICATION

The exdsting internal baffles which were furnished with the e¢ryoshroud by NASA-LeRC
were too amall to accommodste the 1.£2 m (60 in) diameter test tank. In order to
enlarge this inside diameter it would have been necessary to remove the baffle surface
cooling coil, making it impractical to rework these baffles into the design required for
the test program. Three new annular-shaped liquid hydrogen cooled baffles for
attachment to the internal surface of the cryoshroud were designed and fabricated.

3.3.1 BAFFLE LOCATION. The first baffle is located at the test tank equatorial
plane and is rigidly attached to the cryoshroud. It will intercept and prevent thermal
payload simulator radiant energy from entering into the region of the test tank upper
hemisphere (Figure S-1). The lower baffle is aligned with the very top surface of the
thermal payload simulator. This baffle was designed to move as a unit with the TPS.
It will remain in that relationship at all positions of the thermal payload simulator to
prevent back surface radiation emission and TPS-MLI interlayer tunneling radiation
from entering into the tank lower hemisphere region. The intermediate baffle is
rigidly connected to the lower baffle. It moves with the lower baffle at a distance of

| 46.99 cm (18.5 in).

VAR R TR
el

3.3.2 DESIGN. The fundamental baffle structure is a sandawich of annular shape whose
| main structural element is a flat, 6061-T-6 aluminwn plate, 0.317 cm (0. 125 in) thick.
; The annulac alurinum base plate has 6061-T4 aluminum cooling coils welded to its

upper surface. Aluminum honeycomb with 0,318 em (0. 125 in) cells is honded with -

) APCO 1252 urethane adhesive and additionally bolted to one or both surfaces. This
cbnﬁguration was selected to produce good thermal contacts allowing all baffle surfaces
to attain the same temperature as the cryoshroud walls, The design is presented in
Figures 3-7, 3-8 and 3~9. '

The bottom surface of the honeycomb on the bottom baffle has a faceplate bonded to it to
make a sandwich construction for stiffening. Six phenolic blocks are bolted to the

lower surface of the movable baffle to provide a means of supporting the thermal payload
simulator as well as reducing the load concentration of the baffle positioning mechanism.
This 1nechanism allows the lower two baffles to move with respect to the cryoshroud

and the fixed upper baffle, while still maintaining continuous LHy cooling. It consists
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of twe cooling tube coils extending around the outside edge of the baffles. One of these
coils is below the lower two movable baffles and thc other coil is between the upper fixed
hatfle and the lower two movable haffles (Figures 3-7 and 3-8). These two coils extend
and compress like coils in a spring as the two movable baffles are adjusted up and down.
With this method, there is no high spot in the cooling tubes for vapor entrapment. ln
the same manner, two coils are used between TES and bottom of the cryeshroud to
provide movement for the TPS. At the upper baffle, the tube is vented up through a

hole in the cryoshroud upper cover. Eight slotted struts are provided at the outside
edge of both the single upper fixed baffle and of the two lower movable baffles. These
position and guide the batfles as they are moved in the shroud. "U" clamps lock the
upper baffle in position and prevent the lower baffles from falling out during removal

of the thermal payload simulator. ’

3.3.3 FABRICATION. Prior to fabricating the cryoshroud baffles, a sandwich sample
consisting of 0. 102 em (0. 040 in) thick 6061 aluminurn with 1.587 cm (0. 625 in) honey-
comb attached to both sides was immersed in liquid nitrogen for 2 minutes. The
sample was removed from liquid nitrogen and allowed to return to ambient temperature.
This test was repeated 19 times for a total of 26 cycles. Twenty additional tests of the
same kind were conducted using liquid hydrogen. There wis no apparent failure of the

- joint.

All base plate sections, tubing and honeycomb materials were cut and chemically
cleaned. The tubing was provided with an additional 2.54 cm (1.0 in) wide aluminum
base plate to avoid warping of the 2.41 m (96 in) O.D. annular baffle base plates. Welds
of 2. 54 em (1.0 in) length at 7. 62 cm (3 in) centers were applied on each side of the
tube to ensure good heat conduction between tubing and base plates, All liquid hydrogen
tubing was leak checked and repaired as necessary after the welding operation,
Unforeseen distortions of the 0. 102 em (0. 040 in) aluminum baffle base plates were
encountered during welding of the liquid hydrogen tubing onto the baffle sheet material.
Since proper bonding of the honeycomb to the base plates could not be assured under
these circumstances, the 0. 102 em (0. 040 in) thick aluminum plate was replaced by
0.317 cm (0. 125 in) thick plate material. Welding of the tubing to the new baffle sheer
malterial was completed without distortions. The honeycomb waterial type AL-1/8-
5052-002P-38.1 perforated, was purchased from HEXCEL Aerospace Company. This
material was utilized on the lower surface of the upper bzffle, on both surfaces of the
intermediate baffle and on the top surface of the lower baffle (Figure 3-9). The
honeycomb material on the lower surfaces of the bottom plate was Hexcel Type AL~
1/8-5052-002 N-8. 1 Non-Perforated. A face plate was bonded to it to 1nake a rigid
sandwich construction for the movanle baffle. The plate was cut in sections and
prefitted to blue print dimensions. It was then bonded to the baffle base pla‘e under
vacuum pressure for 18 hours utilizing APCO 1252 urethane adhesive. The honey-
comb was additionally bolted to the plate with 6-32 aluminum bolts to achieve good
thermal conductance and a better mechanical joint.
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d.4 BAFFLE AND THERMAL PAYLOAD SIMULATOR POSITIONING MECHANISM

The thermal performance test of the customized multilaver insulation during Task v
requires that the spacing between test tank and thermal payload simulator can be
adjusted from 45.72 em (18 in) to 15. 14 em (6 in). The lower two baffles and the
thermal payload simulator are designed to move together; the bottom baffle remaining
in the same plane as the payload simulator as they are adjusted up and down. This is
provided for by resting the thermal payload simulator on six phenolic blocks bolted to-
the bottom of the lowest baffle and resting three of the phenolic blocks on three 2. 54
cm (1.0 in) diametery serew-jacks extending through the bottom of the cryoshroud,
Figure $-1. The rotating nuts for the jack screws are fabricated from Teflon. A
bicyele-chain sprocket is attached to the Teflon nut at the bottom of each of the screw-
Jacks and all three sprockets are driven simultaneously by a single chain, By changing
chain position on the sprocket, very minute adjustments to thermal payload simulator
heights can be made to level the thermal payload simulator during installation. The
chain is driven by 2 small sprocket and hand crank on a shaft that passes through the
bottom of the chamber. As a back up to the positioning tranaducer, the sprocket

tooth ratio and jack screw threads/inch combined, require 166.5 turns of the hand
crank to produce 15.24 cm {6.0 in) of travel,

Drawings of the positioning mechanism with all details are shown in Figures 3-10

through 3-16. The sclection of the material for the positioning mechanism parts was
based on low heat transfer considerations. : ’

3.5 GUARD TANK DESIGN AND FABRICATION

In order to prevent entry of extrancous heat to the test tank, fluid lines going to the
“test tank pass through the liquid hydrogen guard tank as shown in Figure S-1. The
test tank is also suspended from the guard tank which is attached to a support ring in
the top cover of the cryvoshroud.

The guard tank was fabricated from 304 CRES material, Its construction (Figures 3-17

imd 3-18) consisted of two formed 60.96 cm (24 in) diameter tank heads connected by a
H. 22 em (5.6 in) high c¢ylinder. The material gauge is 0.317 em (0. 125 in). A heavy
mounting ring was welded to the top of the guard tank to transfer loads from the test

tank to the ervoshroud structure. Three lugs were welded to the bottom of the tank at

its periphery for attachment of the test tank support struts (Ref. 3-2).

The test tank fill/drain line and vent line, consisting of 5.08 cm (2.0 in) 0.D., 0.09 cm

(0.035 in) wall, 304 CRES tubing, penetrate the guard tank. Both of these !:nes pass
with a "U" bend through the guard tank to prevent radiation tunneling and to allow for
thermal contraction. The guard tank fill and vent lines were fabrteated from 1.91 ¢m
10.75 in) O. D. CRES-304 tubing. The instrumentation lines going into the test tank
pass into the tank through the vent line. This eliminated an electrical pass-thru in
the test tank door and an additional line through the guard tank.
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-1, Basic Drawing

-3, Nut (3) - Teflon

=5, Washer (3) - 0.317 ¢m (0.125 n.) 6661 T¢ Aluminum

-7, Angle (12) - 0,317 em (0,125 in.) 6061 T6 Aluminum

-9, Adapter Ring (3) - 0.3217 em (0. 125 in) 6061 T6 Aluminum ¢
-11, Sprocket :
~-13, Jackscrew (3) - 1-5%5 NC, 10.61 cm (16 in) Screw

Thread 2,51 cm (1.0 in) Dia Epoxy Fiberglass
-15, Guide (3) - Teflon
-17, Angle (12) - 0.317 cm (0.125) 6061 T6 Aluminum

-9, ADAPTER RING

-7, ANGLE v
7, ANGLE -13, JACKSCREW
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-5, WASHER-\

-17, ANGLE "\
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Figure 2-12. Positioning Screw-Washer
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Figure 3-16. Positioning Mechanism - Angle

3-20

. 5 1S
ORIGINAL PAGE
OF POOR QUALITY

o =3 8

i oy Prmcmy | osnsiind

[ e

i

W




S [
pIEny  *L1-¢ 0andig

»©
|
e
i
|
1

L

Vo 800d 39

U TWS
ASHY ATNVYL QUVN9D -




- “"7&
5 ¥ 4 ] 3 2 ] 1
T wEviord Ry vom : HAOR .
| 253 (5 GEICRIPTION Joart [arwwonts Jrome]i o) ORI YO0 ATE | RO D | T[T CLICI O OATL | APPRORD.
-4 o
-4 -4
-3 -
- 4H
-4 -3
-4 -4
-4 -4
- -
- -4
r 4
] ]
— 1576 (6.0 -
) . -3
» K
NOTES: UMLESS OTAERWISE SPECIFIED 3
. o . .
I B oh ReE 1- WELD DER M-W-Bllt 46
D 100 % QADOGRADMC IMSPECT WELDS HOTEO PER MIL-STD-4%D, ACCEPTANCE 3
ATAUDARD PER 0-71000 3
/ DVE PEUETZANT WSPECT WELDS HOTED PEQ MIL-1-684G . 100 ¥, WSPECTION] ;
3 . REQUIRLD NG CRACKS PE2MITIED 3 ;.
:j =3¢ X ¥ - B & Ve . AODTUTIEY DER 010042 48 RIQUIRED. LOCATION OPTIQUAL :‘ ) k
9 S MAPRESTION MATILG OF PATTS LOT PERMITTRD &4
_ WELD ASTER IUSTALLATION OF GUARD TANK WTO (QY0-SxaQUD (OvE2 - ;
- PADOE ORESSURE TEST THE TAST TAUK 1Lt € ORAN (+8) AND VT (+9) LINES -4 k=
10 .- (B0 NG) - E.
" B- PQOOF PREIJURE TEST THE GUARD TANK A%SY TO - . (30 PG) -4
O LEAV TEST LINLS 4 GIARD TANK ASSY WITR UELWIA, MAX ALLOVIATAE 3
\EACAGE 1110-S CLTSEC AT - {15 PS1a) I
[Be>PRoDUCT OF Mwn-FLEY CORP, VAR MUYS, CA a
U CLEAL TEST TANK Tul e SANB) 4 VENTETILINES TO 0-75192-2 -3
A V- (LEAN GLARD TRV & LGS TO REMDVE LAKE PAQTIGES £ CwiPs -
“4 )c w PRODUCT CF REZOMUIP/MARAM DIWISION 1
- TEST EACUTY REUNQCIAENTS P
0> GITE VG0 BANES § DUCT AT REQUIRCD T8 =T ACLCNT MICK 3]
> SEAMWELD & ySPECT PER 07517271 -4 3
CLEAN LOCALLY DRIOR TO QISISTANCE WELOWNG PEQ 0-13%509 -1 j
WSPECT USINE OF SHalL ELECTINCAL LADMITSS TUBE AZTER WELDWG FOZ. 1.
TAOA - TURY OR BUTTELS. QENMOVE ANY PROTURRAICES 3
19 ALL DIMTNSONS 1N ST UNITS (EUCLISH UNITS B PAREMTUESIS FOLLDWNG)
3> €oSe0WATT WELDIIG OF TUBES 1MI0 GUARD TAUK § TAK (LOSURE WD + E
WITH TEST ERGINERILING r ;
[u\r\me €MD OF WIMER TUBE TO ©.2-(2.0700. FLARE ANGLE TO BE -4 E
L (30-50Y -4
FLAZE ENDOF TL®§ TO . - ° (30:507)x ~ (&3)0d 3
5> P200UCT OF OQANSE CTUNTY UALUIIE WOKLS, CRAMCE, CA, HEAD (ONEGURATION:
msum SLANCED, DIE-FORMED S TARDARD, MOM-CODE, 100 % CROWN RADWS, | 3
*(24 W} O, NO 10 GAGE, S04 CQES I
E‘,b'm\u FLMGE SKIRT TO . (OA0) WALL THICIBIESS. MANTAWS IWUSIDE DiA I
5.
I 00 £ O Sl 2 1 CUE 7S S GOV N EIS I D B SIS S i s
Y
2 = Eoe37.700% _ EUANGE, CEMALE el A | ISEE TOATE W O
3 35 ©3152-200% TURYSHE (MILE olzo] | st rove 1 8
: 12 34 S3°2307 20 B5k | BELLOWS cjz1] 1 SEE note 16 by
a 3D -3 2400, NEAD AIARS . (OB X DX &5) SKEET 906 (TS
M"-E“_kb Z 32 ANSAACID WRGLE ap) 3
Z ey N9 LIRS UER o al
2 Fiel PASZI0AD-3 NUT B x &
ag .__.__.:_ LT z 29 MSZ21033 G 19U Ol & 189, :
R 1 FASY BASIOOD -1RA v z] & }-— P
. ] kal WAV AR 2o s
A= 355 (14.00) ———] 2 2% NESION, A [ Pl = k
2 5 AUTAT 2. LLbtAYD 33
z 24 SONBOILSS_ [ TUSNG SO, 24 | 1 SEE NOTE VD
@@@@ i 23 -2y TURE b5, 75500 % 13 Xas Ay TUs T soav_cgz_g
z 22 -1 Lty SUPOORY |4 28 -
\ AN -1 Tu'af_,vuu 43 - “c
i 28 -0 Five Hi
2 L) - Sy a0 Dy
1 =Y PRy AT R-ETYY o b m;w()vxﬂ"ﬂ,..
1 17 -1 e TALAAeOXIT ) suEEy oa [2i%
1 o j =il 2121 (LK I3NLDb)uME VA IS
3 S -5 TRELECOR 5119 STRYRAE! 304 (S
2 [ -4 AL TUPPORY fal S (HX3.2459) NIEVDN —
] 4 - €04 35 !,
-—mmot‘ : = ;
g8 515 D
Z ) N 2
JLIN IS - L 3 <
\ i -1 5
3 I “la 8
g D s =5 -
3 4 4 | LUG,MOURNTRIG ()
v 3 I Ty < .
v Z T {RING s IREYEERLELE
] _ -1 1 GUARD TAN ASSYl! 7
‘f.‘;" v oo et o oteYEm ot AT (o | JETOCRHIT MimA m"n'-“‘ WILR, ETCL MAT TRATY o
MY RN wens | 70 1 g, MAMPER O O CRIP N Pl (WO IVIRGL {TnD Wi T2UaT RO & T TCSRraTion
AsY /e fauid R GG AN, Mo LANAAG $-510NK M) U-USALE DATE
; PARTS T :
£33 O mwise LRECH LD - 155 OIdFwsE g "‘"v el P
P e Ty e e e T '
“ SILBOL RLANDE WL KIS = TS N
WMACHINCD x =% .
vt/ e o | st S ot A ETTAATTL TANK ASSY - GUARD A : 3
AN TS IRELATION T 043
RMT BASK COCE WASS2) " QUIRTIMNTS (om BT mO
.31 04 0 o A LD U8 RLXRED _‘—“ I L‘; 3 \715@
SC DRV NT SAME — TIT] GO WART [GRARTG 1D
40 P P -
Guard Tank Assembly e o - E|14170| POI3-008>
AT e CTOT ) SxiT § o
1 4+ 4 l 3 . [xumrv CAFTATON e TN E ls

B,IG
OF A}OR




23

28 ' y 24 Q
R R

P e [LONT) e

«g " \_/‘_—_—r
'.f.-'(u‘)—ol'l- - L {Se)y— 3

DETAIL -5 STRAP 3

SCALE V/2

FLAT PATIE QL) \AYDUT 3

ME: SO0M TO "o (Lo R TO ¥

£ -G WEAD ]

@19 ]
k34 AT 24D
(0%}
i

4
sacﬂ)g
view )
scaLe

3

108 —] :

(5?' Mo maks ©00) —=~4 b
= 9 L !

g sl i

JOUIT OPTIOL T (:00) f /(z‘o') /3

o SECTAA o i =0 (309~ f ;

po——— 7 {Z5.75)D10 REF
B3 190{15) DA
RTINS cecrfEels
ssths’ al/zH SCALE V4

r 2.
aREEEEE
A dw
Jo{- -oroonhoo
l G |
1ot 1|
| ° a5 was,
| 61 sg)
ot
UNpon 4
L' % PLACES . ;
: . J ) " aso 1
fo 17 Q) — = b e 1 (6.0) = aE s 7
stCt Bidess DETAIL -\ SUPPORT BLOCK
Stave A
B =N A —e6n ] T 25T T Tigure 3-18. Guary

AT U AR IR S AL BT DR LS e L T s - - - S




' ! 23 I 22 I 21
IR | ) L)
o oen [Wneoas L1 noYi WA ron AT T AOAD [0 AL TR On AT [ 3 WAD ]
-
-4
- H
-3
e
-
-3
-4
o

‘1‘ [ 1.3 (29 PP
7"——‘('”}' . 2(60) et

(25)

j____._L

&’ ’V\
j&- 2

'.uam) DI

TauE
2 NCES

= 5@0)Q

13 (30) DA HOLE MRV

I -2 4 1% ELOOWS

=£¢t {5= 05 ane
s V&

-3% W5

oee)—-{H P
Ao /
— f——é?\ ~\x+

OETAIL-16 CLIP (.

SCALE

£.60G) —fber

Bl

L,ccw_.l - El»

oo
SeCT 590F aomaen w1z @od ew
seme 10/
TP 4 PLALES

ST (90°x.80)
- (150 - 1UNF-3D) TUREAD
e.vucss EQ SOALED ON (212%) BC

v 2 x2 (20°X 80)
[ © . THREAD
(nso G - 3R
Vo DLACES gq SONELD OO
A ) BC

a b bt il il LAl iLillildy

m

1= c013-0083 1ar L 1

ATy

C
(o] (n F>
DETAIL -4 \_ue 14
SCALE V) ' (00 -
gl
s r
V
il
[
~_ ’ 8
*{50) »-—1 :/! (sac.)
NI 90
(o0 - -
DAL - 22 WG CelawL -2 QWG —1
SCALE 1/t SCALE VA
RIS IMRNTL PO a1 0. v Trtss Gnaewd S0 VAT T T g g  CONVAIR AEROGEACE D550 OF GERERAL DYNAMICS
R - - B Ouurt hewows, AT M MES fuenn SAN (0G0 (A IFCRIA
e 2 R
b4 oo o] % RN
pat \2 B S L DIl PN TANK ASSY - GUARD A

w1y roR eRRTS 9T
W () rom UMEE Y

e ]
AIATEO AT MGnD |

- e e S T s

e TIH [ Cre vAnT [DRanwmts WO

sx o e ETA170] PO

bos Tk T COTRR GV L A

CORS

IR

QURTY QLASIHICA X7 AL D Iw(.

‘mu rrn e

3. Guard Tank - Facility Lines [

P T

3-22




,,-3 The electrical harness was fed through a separate tube in the guard tank to provide

! good thermal contact and to assure complete heat removal. Bellows (55-2000-120-~
85A, Mini-Fler. Corp., Van Nuys, CA) were provided in both the lines between the
test tank and guard tank for ease of installation and to assure that the loads caused
A by movement of the test tank were not transmitted through these lines,

3.6 MODIFIED CRYOSHROUD_ ASSEMBLY

Figure 3-19 shows the assembly of the cryoshroud cover including the fill and vent
lines of the test tank, guard tank, thermal payload simulator, cryoshroud and baffles.
s The assembly of the cryoshroud and baffles with the guard tank, test tank, thermal
. payload simulator and Baffle/TPS positioning mechanism is presented in Figure 3-20.

3.6.1 ASSEMBLY SEQUENCE. The assembly sequence of all components was as
follows:

1. Mate guard tank to shroud top.

. Mate test tank to guard tank/shroud top (tank assembly), (Fig. 3-21 to 3-23),
. Leak check tank assembly. '

2
3

} 4. Mate baffles to shroud-side, (Figure 3-24),
5

. Temporarily mate tank assembly to shroud-side, adjust test tank supports,
unmate tank assembly from shroud-side, ) '

[VEYE-

6. Install MLI on test tank.

st eaiimed
-3

Ingtall instrumentation on tank assembly,
8. Add plumbing to baffle/shroud-side assembly and leak check.

9. Install instrumentation on'bafﬂe/ shroud-side assembly, shroud-bottom and
thermal payload simulator.

10. Mate TPS to baffle/shroud-side assembly.
11. Install MLI on bottom of TPS,

. 12. Mate shroud-bottom tovTPS/ baffle/shroud-side assembly (shroud assembly).
13. Add plumbing to shroud assembly and leak check. ‘ |

- 14. Mate tank assembly to shroud assembly (test assembly).

15. Place test assembly in chamber and install support legs.

P 16. Add test assembly plumbing between test assembly and chamber and leak check.
17. Install baffle/TPS jack screw agsembly. '
18. Install MLI on outside of test assembly,

3-23




. euaad Tau FnL

GUARD TAK VEWT

.3\@,._

TES” TAmL VENT

\lng.mzrgv NEWY

4:..m~ — "

PALSIMUAATOR FiLL

TP SMULKTOR VENT

Ty
rora L Xl o)

\amw., TANY ALl

BAFFLE VENT
CNO-SUROUD & BAFFLE E\L

WASION- 28A BT
ANSLOU UG WASHER
WMAPALLS

/,.
oRIGINAL i

OF POOR

N
~.

v a)

ol

2 —a

view (8

-1 THUERMAL TEST CONFIGURATION
DLAL VIE W (51500 K100 UF VONED FO? (LAY )

FLAGE TOvQR SERME
MO SCRLE

+

_ 6 §

Figure 3-19. Cryoshroud >mme3@




¥2-¢

t maIp dol, - AJquIossy

u“_".‘L‘" 20 X% Wvewt MOV SO ‘-"""_‘.L
20 1iea envie ANTE j v eml s sovn w0
0800-cLdd]o1y1]3 it Gy o ?
o OawviO) INKE XOD I QReiI3E 19T QliwAASY §

P - - - n
RPN 004 Jow ey e 235w 300 x6ve 1ina
owy

ol (v » T Daviaiag
L3 Zotedid
03 200 11 et
TN A IO XAt
ONY KX0D WOU T 1eRRY

B1AILS Fowd 410 3510 PR SIS Y GO SS v
1801 Suve

[

1IN QIUWCLYN)

FOIIWDNON$HOD 1521 WANAIML
AITTVAD Y004 40

B0 AW OO0 NYS

Sl GDVJ WMDIHO SONYNAL Tris IN 1D 30 WORGWO 3VASO¥IY BivANGD |7

<

" -0 oM VOIS MEILVATA 310N T ID e
AN Py oY) N ONIm) Y0BIS UOW
PO o

2

o™ LAl e -
o | T30 YT

WOILH A 90 WO Rl
3wy OxomoN Iy

H
£
¥
&
£
i
§ee

UvIeL sy 1013 WhamIil BeAl OUVIAD Mt TRV LT XOOLE)

NEAS NG

UK TR )
TSNy W AT gy
AL GCe
AY YL GRS

> awony 2 [ ]an

L071S NG 2- 2
L OSLX295 x0T ;

! &

"
i
3
v ATON -
2
f

Y ON 15166
< -

PARRRIALL]
e NI SR
LN PRV AUTEN,) &
[ R <
3-Ch BR-V SN \
¥-Sy0i297n 2
Q- T
[SNTA L
=

H
b
)

2 2
L
9

Ly ZWON I35 T vy Q20 W W va
CN 3% 0T 37 DNTRL DT ZAXLOLL

A A AT AR AL I R P %)

qNS""-ngMNNn;N-NN—N T

a ¥ 233 Tmg TOL MCEARETIYY ST LUAT0S WY

~
-

20N 335 RO LECINI TSR TS 23w 46 LnCien

Ao Wi G
ASLY 31339 VyeC-Lt0d
QEOMG-CI D ATir ~C v Lol 2l0da

O VST g 1- G 4.
WIAW LCY
AN AT
VT

Sl f={~]= =[]~ o

=

[P e Pt A
T ot T FWAR e LAY
DCSIMT vy o 025y
Con o IMQ ONTANIY Sl TIMAY
DT T Ry
DN Nva 18 S N T AT L oz
W Vg 1S TOY W 30 1 c0na

Te]

Sz
=
A

~.}

b

T e
ST

Z

3

o

ARSI 21PIVISHY

"SNOD A STIVOINAOHYN A3
Aaavy ‘;) T (0-10% Q) ONILV0) LINI3A VUNIN WG WD GILVOBISIG S35 a0aTime m\vd<@

HSASQ 3ILGIBT 1305 29 IIN0LG WOV SWvd ¥ WIR 150 INON IS "9 LY 30e% \

MM 31DLS0 SY HIVIS 10V SY ANOYiTD OL ATLNSNDAAS SHIO 390wnd § AW -GN3 " 30T0dS 20 1101 \
QINIGHYO WLRSTI ¥ ML STIVLS BVWWS )y XA I5Y309 30 SDDUAD06 Q31N ASOCAR3ad a1 ‘\
BINBA MONG 117106 "3RS vLIth SIWADNS GILOUNSDN BWIdE

GNOPHG OL SRINDD WY OL 34 BYIWH QITIANTY 350 “HNRCO SIMAB0S GRS WM SUBAOD &= VIWISHY Li \

LOVIWASCAQY 22137 3T ™ 2007 '1S31L 203 Q3SN 1NBLS wWira O LOM vue N0 .
TIVISH] "ONNAtWW OMIORD D03 G330 2w SIA3IS € % 1631 203 Q30 3V SIIG S @ \
LRINDIDOLID ANINIVS 1S3 -G p

YOOB-MIWL 230 GV3M-p n
Q1M ORL 06y O SOMILLIS 2RNL WATHWOY 300201 B N
9N OS01-00L 0L SHMULLLY 3901 $ITD 2nDA0L

QMOYIB G ITBOL AT13038S MWINN ITNNTAS Sins i INMLNOI *, D, VA
TORS M 300G N INIAL /35 $4IC% 1V DALk MINL LMW 239063 SLI09 1Y fdinvy . 3
FBTACTC. 8% WM 0503 01 WICH AN B0kt :
FIQMUYH 10N O3 NOWYMIRAING) 1S0HYow SINEZAS GIIVIAL 1031008 "LILYM Q203D Wi 230D \
Yo " WG 09 NOSME2IA" )Y 20 LOO00G) DINWWAZS WL 3vi SATAINY, MINA SDTNE0NG (INMANG 30Y4 2R E g \

+ TI05C0¢

TT'[gT'I'l'T

T

02 §3.°0V 210N 234 SAMACS G- 4C DS ING 1NNg
CATHOIZIG SV TNY WA TIRD 20 IGOD G20 N
F-WHAAXA 3T COMQIIM DHIBNA 4.502 A3IVXI O IDAWZIGAAL 3Tva UMY PAONIY LON 00@
1531 01 BOBe WY LNSP GACZHECHIZ) TS W) 1§ SaOR LS YNdams, Z- BACWIB -L
S 20N M OIUSIGUILE INOILISCA NISNIT 2203 SMOVIW BRL WOB S BIA0Y ANt
[~ 20 3093208 311 230 1 F T 3301 MIMAX €2 .S WG AT (0N CQ S23535 308 1 37
F™ 2275 Para ATWASNIC) 3Y QONOKS (Z3M3A3:01% Vv CL 2wy 1S3 Vios ..V TTMeng
TONCONS-0AZD 41 FUALIM AN 1S3 20 TIAN3D 0L QIAINEER &Y Si0TLS WECAmTN 1sncov <)
:ga.\s: QANCZHS-CAZT 21 O113VIWavd G1) WM DML RIPA 2ARISECA SY H1ON3Y 3383 @M TyaN
- SY 01 A3EYSE00CLLA N SMONES 1S0:%y 01 {LL00-5004) SU031S LSNL QY (52 00-tLaa)
AN CTAD C1(UCC-LOg) ANTL 534 30 DCIY IS NO * GV MIWThnGh S 0w 4]
D154 SV LY 235/37,.01X1 S1 3531 TIQUACTI RYW “HAI3H MM 153L WAL P
WS ACCVAT AT I
N NCUYTIVISTH O BOVBY 1550 AV3Y § 23800 GOCTNS-CAZS IV »hwe LS3L 1WISHT -6
) STOWEWIS 203 Sals Y03
FOI BT 3N CGLIADYIQ IO 321501 173743 0L B 3BMONALS G NOWLY IS WOVILY Of
SAINILKY3 TN 3 AG7L 2V W QARG 350 %Y NOIEO3S M pimens Sv 1w 1WvASni-2

AN LSAL Y L GRVND ‘COCaNS- 0N
4L 30 SISAWHY WANLINBLS ¢ 1NGHIM 20T WA AL 1591 V4 LN CQ -1 "

M
QA2AIDI05 IMAINO SSIWN 16 IION

TA T I TV TPy

W

TT

B O A O S R o N N M

N

Tian
TITTT7TTT T

Tl s W oLt ¥} [0t | Ovomsnv | Vawd VRIGAN Juwoi] stieA T nv | HOILeX X
TGty P a ) T ST

tita s mda

st oS AP B R e I



N
"
| i

28 | __ 21 I 26 ] |
- 5 . 5
.
1
H -
@ |
- L IOLAERS - .ei
1
A
: REMOVE CLAMD:
PO7%-0085-2%
AOAPIEY D3RS paod
g DO®
DETAIL-S COEQ 2 e
SCALE I\ ’_T_V_V—:LV \IES
- o]
T
-4 REF == \\
SUPPOQT B0 @\ >
£ R S 014RRS Lol
10 SHIA WIT: 1335006 A
J | weswen 18 wia i j
. RO S IO CEMTER CLEws O 4
’ Sy LHE T 6 PUAES) |
—] oF aub i _l
191 QeF
27.0 REF ~———df VL-3uNc
JMA WY
— 580 jr— % LACES
f| L& .
“rzf? 77N PD13-00E523
- ADAGTER. N k=
—<[&> '
-2 18] b .
cc‘wzgx?tegulo over o ]
-» 7X8 X)X o TP T PLACES )
b } B i
i r 10 UNES ;
NO'0C) y 2 S
: @ 4 \\:"—“L“—L
=erare———— - PDT3-0083 |~ ]
ve e GUARD TANK ASSY
.
b wa — i
sect [3=(8
SCALE /%

—1 r—z.o Res
Ll"

2QQ£FI_<

H;Ll 5 ~'”-J[

WASI004-CABART
BS6 0C4Y, WASKER
TXP VT HLALES

FRI RS

o ;
20— ‘l (UAI 2X48s TP ;g@",l s

22 Tre i = 9] 8] ~

[ — 3

23 2

‘L } —2GO DA HOLE 3

i ‘45 3

Iy SECT

al Jhxs ]

PAGE IS DETAIL -2 SWIPPING STRUT L B ;

ORIGINAL , : : :
OF POOR QUALITY Figure 3-20. Cryoshroud Asg
|

i




TN PSEIRORE -, |

g€ .
e du:_ .:E_ Sa_ o NN K:ltﬂ..dgL €2 J . . | 24 «

p__mwo. >
v
1 aryrie] s BT vy come] 450 JOVSH 203

0800-¢Lac |03 |- s IEONCEI A SR iA9T 3 9IS - AJqUIISSY Pt

o o 30w fang VS 1h i) I " lavoavorss
Oot Orem WO 1% i Q3wndid 1341 1 nIoSTY - -

I QAZAWO LS S 01 i 0 oove A
L1 . L Ty Gy
CHMZNOLINOD 1S3 TWWAENL | LR w01 TR0 D IS l\/ oot
Va0 A1) 0TA HYS o] Cwonn o v i | e e T W= \D3AS
SIIVINAD 118 sy 10 w10 TV ASONTY BVANOD (T SIS 7 Har] 020045 Tomnai0 5510 STARENIRT | srund visesis Wiva Av nu/ -
— WOIVHDIW ANBVULSITQY
31339Q 3 OIS Vd
-1-1800:¢LQa
- e O — |4lt~9..i P el 1> — e
~ \r&?:ﬁ 1531 30
S - |
8 Jase A 0 o) ro)
« } [N N
\ e
; M\ Aeieed
| { <G <Bi<H SIINQA
jf Y B A ] =4 W dA
. =T
| H i
| \ _m—'\‘

e e o e nd

[l

o™
[

200-¢L4d

=
u

]

|

<
DY

]ll
]

SAINN G

N

Vi
.

S3IWW € @\

I.— J- J rs )
r. = y &) U7 ) T T Y i 18] 18] —It

DOANTINIS Vo

(L]
TT i
'
51
[N
i3
2
B ¢
e
~
!
¥
i

. e
- A $BO0-ELIC TSR .uumm
- S3IMS @ ASSY 3143vQ - )
= SYVID 2N YB00-S1.Cd \-yB0O0-¢LQd
.
- ASSY 109 A5 3L 3N B
k- 1- 0LOO- &3 _AWYY QOODNS-0ADD ANHCOW OB
o 2-9800-¢L0d ) $B00-4LAA awy
F~ N
g .
L . . ]
. & — .-
- b
- -
i -
- L.
- &
E~ -
P T 0L 03ADaY) VD MOUMEK |
. QAT | iV S.ﬂ..mm-on! T 01| GIAOwaeY | Lva cb..ﬂnmwxx! W30l 1 1 T 30 \\E

12 { 22 | €2 1 T y2 )



&‘f,‘;—«.’t,’r‘w;

§ i BN




e S

LIS -1

s e ks TSRS

SE T B b g ¢

IS

2Rt o ua

o s
FHOIEIY

ST AP )
e



5

) R
Sl

S v e S,

B

QR T g

3-28

ORIGINAL PAGE 15
OF POOR QUALITY




flquoassy apyed puB pnoaysosad

o

*$2-g 2Ins1g

PRS-

[ —

PLURY

ORIGINAL PAG:.

b

OF POOR QUALIT

.

P




T T S S L G PR A T R A AT T

A 1 AT Y WA z R

Prior to mounting the ba{fles on the crvoshroud, all bafMle supports were fabricated
and attached to the wall as shown in Figure 3-9. The haffle cooling cuils were
externally cleaned with I'reon solvent, then leak checked with hellum and vepaired
as necessary.,

As shown in Figure 3-20, the puard tank is supported from the cryoshroud lifting
structure. . This arrangement permitted assembly and installation of the eryoshroud
cover and test tank as a unit.

The cryoshroud assembly support consists of 6 micarta and aluminum legs, bolted to
the eryvoshroud and resting on the bottom of the vacuum chamber., The micarta
muaterial is used to minimize heat transfer.

3.6.2 THERMAL PAINT REQUIREMENTS. After assembly, all interjor surfaces
including the cryoshroud, baffles, and attachment hardware viewing the test package
were completely covered with 3M "Nextel” Black Velvet (3M101C10) paint to achieve
the highest emissivity possible.  This paint is designed for surfaces requiring high
emissivities and low outgassing in a vacuum.

3.6.3 MLI REQUIREMENTS. Multilaver radiation shiclds were used to thermally
proteect: '

1. All lines between the test configuration and vacuum chamber wall (10 layers),
2. The cover of the eryoshroud (10 layers).
3. The guard tank assembly (10 layers).
1. The TPS from the bottom of crvoshroud (10 lavers).
5. The TPS to reduce the thermal load on the outer heater band (3 layers).
This insulation was attached to the inner diameter of the lower baffle
assembly,
6.. The cryoshroud alonyg the side wall, top and bottom (30 1a5'ers).
Al shields were attached to the surfaces by taping or the use of Velero fasteners.
3.6.4 FLUID TUBING. Single and double Conoseals were used for flange and tubing
joints where welding was not feasible or desirable. Single Conoseals were utilized
for stainless steel joints while double Conoseals were applied where a bi-metal d.e.,
Al ¢ Cresy joint could cause a possible leak. The Conosecals and Conoseal groove

information were provided by Aeroquip Marman Corporation. The cryoshroud and
baffle filling operation was accomplished through a single fill line at the bottoym panel.
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The thermal payload simulator has its own fill and vent line.

The baffle cooling line

is a continuous aluminum tube which makes a cirele around the baffle on the lower
side (not attached), goes through the movable baffle plate and makes a double circuit

on the upper surface of the movable baffle,
eryoshroud from the lower movable baffle to the fixed baffle.

It continues with a spiral around the
The coil then exits

through a hole in the shroud. The Conoseal flanges, tubing, joints and gaskets used -
for the eryoshroud assembly are shown in Table 3- 3.

Table 3-3. Conoseal Flanges, Tubing Joints and Gaskets

ltem
Tube Joint

Double Seal
Flange

Double Seal
Flange

Single Seal
Flange

Gasket**

Location
Guard Fill/vent

TPS, Baffles
Cryoshroud

Test Tank Fill/Vent*

Test Facility
Test Tank Fill/Vent

Sea: No.
59190-128S

59162-100S
59161-100A

59162-200S

56331~2008
56332-2208

59307-12A

50887-100A
50887-~150A
50887-200A
50887-250A

No.

Material
Cres

Cres Male
Al Female

Cres Male
Cres Male
Cres Female

Al Alloy

[ |

[OREA |

* The mating female flange was machined as a part of the test tank lid.

** All gaskets were Teflon coated before installation.
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TANK PRESSURE CONTROL SYSTEMS

Pressure control devices are required for the test tank and guard tank to maintais a
constant liquid boiling point. . ' '

4,1 TEST TANK PRESSURE CONTROL

The pressure control system shown in Figure 4-1, is used during testing tc controf the -
back pressure of the liquid hydrogen test tank. The system is designed to maintain the
test tank pressure within + 1,38 N/m?2 (0.0002 psi) of the set point. The MKS Baratron,
Differential Capacitance Manometer, Model 145 AH-1 (1 mm Hg diff.) is utilized o
sense very small positive or negative pressure variations in the test tank relative to a
constant reference pressure of a fixed volume of gas, maintained at a constant tempera-
ture. The electrical output of the Baratron transducer is fed to the pressure regulating
valve, Controller, Dahl Model C601B, which actuates the Hammel-Dahl vent valves
Model A40A located in the test tank vent line, thereby controlling the pressure in the
cyrogenic tank. A brief description of the major components is given in the foltowing
paragraph. ' :

1. Capacitance Manometer MKS Baratron No. 145 AH-1, +1 mm Hg pressure
differential. The MKS Baratron Type 145A capacitance manometer head is
a tensioned diaphragm pressure/vacuum gauge designed for performing
highly accurate measurements of gas pressures. It is mounted inside a
temperature controlled chamber and attached to a 12000 1b mass block to
eliminate vibrations. The MKS Baratron Head support plate and
reference pressure container is shown in Figure 4-2.

2. Signal Condvitioner, MKS Model 170 M-7A. This type of electronic unit -
provides excitation to the Head, and converts the Head output to a proportional
DC output of + 10 VDC full scale.

3. Pressure Indicator, MKS Model 170M-26A. This unitis a 12.7 cm (3 in)
precision mirror scale meter, readout unit, calibrated directly in pressure -
units. It has a center-zero meter for reading both positive and negative
pressures. : )

4, Balance Digital Offset MKS Model 170 M-29. The instrument moniturs minute
variations about a fixed pressure that has been applied to the Head.

5. Controller, Dahl Model C-601B. The CGO1B is a three mode analog controller
" which permits full time automatic control. It accepts all standard transmitter
4-1 '
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TSI Electro/Pnewnatic Converter
A . Flowmeter Mason Nullan Model 8001
- 1-5 Mode in, 3-15 psi out

Meter 0-5 Mode

' | .-j ; Auto/Manual Switch
| /P 9 Manual Controller
.
0-5 Mode
T ' Controller, Dahl
Sl o = /" Model C601B
1/p - - N-10 Vdc in, 1-5 Ma out
Flowmeter Vent Line ] B _ Balance and Digital Offset
- Isolation / s Sensing Line MKS Model 170 M-29
', Valve . v .
W . Pressure Indicator
# MRS Nodel 1i0M-26A
Vent Valve ] (N :
Hammel Dahl ,

Medel A49A-V81 "N_ Signal Conditioner

MKS Model 170M-7A

Test Tank .
Capacitance Manometer MKS

\ Baratron 145AH-1, 1 mm hg diff.

A \- Stir

\ Ice Bath

Reference Pressure
Ullage Volume

Figure 4-1. Customized Multilayer Insulation System Back Pressure Control System Schematic
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and remote set-point signals. Power supply: 105-130 volts, 50/60 Hz,
33 VA maximum, ' :

6. Hammel-Dahl Valve, CV = .001, A-40A, V810 DGE 42, P45G8. This is an
air to open actuator, globe design, 316 S. steel, screwed ends, plain bonnet,
spline tvim, with teflon packing valve positioners and hand jack actuator to
close. '

7. Hammel-Dahl Valve, CV=0.01, V810 DGE 42 PWSG8. Same as Spec. No. 6.

8. TSI Flowmeter. The TSI (Thermo Systemz Inc.) flowmeters which measure
boiloff rates are hot film anermnometers.

a. Model 1352-1A measures flowrates between . 000039 - . 00196 g/sec
(0.000312~0. 0156 1b/hr) 2% accuracy, F.S.

b. Model 1352-2G measures flowmeters between 1.6-46.6 mg/sec (0.013-
0.37 1b/hr) +2% accuracy, full scale.

¢. Model 1352-3G measures flowmeters between 16.4-466.2 mg/sec
(0.13-3.7 lb/hr) £2% accuracy F.S.

‘g, Reference Pressure Container Ice Bath. The reference pressure container
jce bath (Figure 4-2) consists of a 15.24 cm (6 in) diameter, 30.48 (12 in)
long stainless steel vessel containing hydrogen gas. This vessel is mounted
within the inner vacuum jacketed dewar, 25.40 cm (10 in) diameter and
45.72 cm (18 in} deep. The assembly is contained within an outer dewar,
76.2 cm (30 in) diameter and 72.2 cm (30 in) deep. Both dewars are filled
with ice, covered with foam lids and equipped with tubes to siphon water
away. The reference pressure vessel is connected with the Baratron Head
by a 0.318 cm (0. 125 in) diameter, 0. 081 ¢m (0. 032 in) wall, 244 cm (96 in)
long stainless steel tube. '

4.2 GUARD TANK PRESSURE CONTROL

The NBS barostat device is used to control the pressure of the guard tank. The NBS
barostat was developed by the National Bureau of Stendards (NBS), Washington, to
maintain constant tank back pressure with small variations in vent gas flow rate. The
barostat has been used successfully at NASA/MSFC and at Convair on a 2.21 m (87 in)
diameter test tank thermal test program (Pcference 4-1). Convair's experience in
calibration of the unit indicates that pressure conirol was maintained over a band of
+13.8 N/m2 (£0.002 psi), provided the flow rate does not change more than 94 em3/sec
(£0. 2 scfm).

4-4




Figure 4-3 is a schematic of the NBS barostat. The basic principle of operation of the
unit is balance betwecen the pressure in the lower cavitly and weights suspended {romthis
bellows assembly. In order in reach equilibrium, the bellows respond to the pressure
from the tank and open or close the orifice by moving the ball and plunger assembly.
This plunger is spring loaded to prevent damage to the lapped orifice seat when the
unit closes. The amount of weight placed on the weight platform determines the
pressure at which the unit will control. The \ippér bellows section is evacuated to
provide a constant pressure reference for the controlling bellows that is not affected
by changes in atmospheric pressure. As is noted on the drawing, a vacuum pump is
connected to the barostat outlet port. This is done to ensure a critical pressure ratio
across the orifice over a wide range of flow rafes.

During testing, the guard tark pressure will be maintained at 111.8 kN./m2 (16. 2 psia). ’

The upper evacuated bellows on the Barostat will be maintained at a pressure of less
than 13.32 N/m2 (100 microns) during all thermal equilibrium testing.

4-5
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AUXILIARY HARDWARE

5.1 FLUID SYSTEM
Figure 5-1 is an overall schematic of the fluid systems required for the thermal test.
Table 5-1 presents each fluid system and the work which was necessary for the

performance of this test.

Table 5-1. Test Apparatus Fluid Systems

System : Fabrication Reauirement

1. Test Tank LHg Fill New installation.

and Drain

2. Test Tank Vent New installation.

3. Vacuum System Existed with the exception of a 10 inch diffusion
fore-pump located between the mechanical pumps
and the 32 inch diffusion pump. '

4, Guard Tank and TPS New installation.

Cooling
5. Cryoshroud and Baffle New installation.
Cooling

The svstems for the guard tank, payload simulator, cryoshroud, and baffles were

fabricated and leak checked before test tank installation. Welding and silver brazing
was used as the principdl means of joining parts of the system. After assembly and
installation of the test tank a complete section by section leak check was performed.

To assure adequate performance of the vacuum system during the testing phése, a
total systems leak check was performed. Several leaks were found and repaired,
No leakage could be measured by the mass spectrometer leak detector.

The fill line for the test tank extends to the bottom of the tank primarily as a safety
measure. Since the fill line is guarded at LHg temperature, there was no need to
terminate the line in the ullage space. In an emergency, the tank may be emptied
through the fill line by pressurizing the tank, opening the fill valve, and foreing the

5-1
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Higquid baeck into the site storage tank,  The fill vialw ts Jocated immediately outside
the clupnber wall,  The valve 1% a proportionally controlied globe valve permitting
metering of the L supply during filllng operations,

Tlue vent Hine terminates wt the tank door. This lne {s also guarded and penetrates

the chamber wall at a level just above the crvoshroud (Figure $-1) The primary

tank vent valve that (s used during fillng and fnitial chilldown s alse a proportionally -
captyolled valve, ' o

A 1A00 gallon supply tank {3 used to (1 the test tank and guard tank with Hould bydrogen
arml bo supply Lita flow o the TP, cryoshroud and baffles, The pressure controlley
and vent vabve maintain ap approximate pressure of 41,4 KN/m2 (6 psig) in the supply
tupk,  The supply tank s dlled from the 1900 gallen eatch tank or from the 13600 podlan
wite storage tunk, Vent Oow from the shroud, taffles and TPS s pansed through the
vecovery salve into the coteh tank,  The xchematic in Figure 5-1 shows that each tank
and Hne vepment (e protected by a velief valve. -

The mujority of the instrumentation and switches 1o controi the system components
dre located In the blockhoeuse located approximately 23,00 m (75 (1) (ramw the vacuum
chambey,

302 TEST TANKE HEATER

Ant electrienl benter (Figure 5-23 is used to stimulite payload thermal input o the test
tink during the null test. The heater was designed to provide @ madmum heat flow of
ot Wittt inte the tanh.  The resistuance of this heater (s less than 10 ohms, for

peenrney in power measurement and the desirability of low current to minimize unknown
it heating in the lemds.  Inorder to provide o large enough area to eliminate nucleate
boiling on the heater surface, the heater was {abricated from Nichrom Hibbon 118, em
f17 g bome, 0,602 cm (0, 002 in) thick by 00317 em (4, 125 In) wide, The vibbon is
meunted on (wo pieces of terminal board as shown in Figure 5-20 The rihbon is divided
yotoe cight sepments, It is installed tnoa parallelserfes civeuit and has total resistance
of approximately one chm,

“Fhe teriniag) board ts mounted to the lower end of the instrumentation tree as shown in
Pigure 3-3.  The transition from the heater ribhon to 4 minimum -gage power fead
wors made at the bottom of the tank,
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Figure 5-3. Test Tank Heater
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Attached to Instrumentation Tree
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